I. C. 6955 Octoser 1937 


DEPARTMENT OF THE INTERIOR 


UNITED STATES BUREAU OF _MINES 
= — Joun W. Fincn, Director 


INFORMATION CIRCULAR 


SMELTING ORES IN THE ELECTRIC FURNACE 


BY 


R. S. DEAN AND M. W. VON BERNEWITZ 


Bae oe ee ee eS 


AFTER THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED FOR IT, PLEASE RETURN IT TO 
BEL ON THE INSIDE OF THE BACK COVER. 


THE BUREAU OF MINES, USING THE OFFICIAL MAILING LA 
Pe ———— iy 


1.C. 6955 
October 135/ 


INFORMATION CIRCULAR 


DEPARTMENT OF THE INTERIOR ~ BUREAU OF MINES 


SMELTING ORES IN THE ELECTRIC asian) 


By R. Se Deane/ and M. We. von Bernewitz/ 


The possibility of cheap electric power for a number of mining areas 
in this country has suggested to many the idea of electric smelting of 
nonferrous ores in small units at or near the minese 


The electric smelting of nonferroxws ores vas tested fairly thoroughly 
o0 years ago by United States Bureau of Mines and by others, and the fact 


that it did not achieve continuing worzable success in any instance is 
sufficient proof that it « “fered no advantages at that time. 


Lyon and Keeney 3a/ thoroughly investig:ted the problems, covering 
the possibilities with iron ores, copver ores, lead ores, zinc ores, com 
clex sulphide ores, gold and silv2r ores, raro--metal concentrates, the 
making of ferroalloys, the construction of firnaces, the cost of power, 
and conditions under which the electric furnes? might be used. They 
decided that, excepting iron ores, aluminum, and ferroalloys, electric 
smelting was in the experimental stage. 


It is the purpose of the present paper to survey the technical and 
econom:.c chaiges that have taken place and to determine whether electric 
smelting of nonferrous ores offers any more promise today than 20 years 8806 
The following factors nsed to be considered especially: 


le Relative cost of heat from electric power and heat from coke. 

2. Ratio of value of recovered metals, especially of gold,to smelting 
COSte 

3: Improvement in milling practices, especially differential flota- 
tion, and its bearing on use of electric furnaces. 

4, Advances in technology that make electric heating more attractive. 


1] The Bureau of Mincs will welcome revrinting of this paper, provided 
the following footnote acknowledgment is used: "Reprinted from U. S. 
Bureau of Mines Information Circular 6955." 

2/ Chief engineer, Metallurgical Division, U. 5S. ‘Barcen of Mines. 

Assistant mining and metallurgical engineer, Metallurgical a 
U. Se, Bureau of Mines. 

3a/ Lyon, Dorsey A., and Keeney, Robert M., Possible Applications of the 
Electric Furnace to Western Metallurgy: Transe Am. Electrochem. Soc., 
vole 24, 1914, pp. 119-147, discussion ppe 147-100. 
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While most of the current interest in electric smelting relates to 
pyritic gold ores, actually more data are availabls on other ores, notably 
ginc and copper. Accordingly, we shall consider the status of electric 
smelting of several types of ores individualiy, based on the factors 
enumerated. 

ZINC ORES 


In 1916, Lyon, eosnee and Cullent/ reviewed the status of sieeteie 
furnace zinc metallurgy in tne following terms: 


In the metallurey of nonferrous metals, the’ electric furnace 
has had a greater apolication for the treatment of zine ores than 
in the metallurgy of any of the other nonferrous metals except 
aluminum. *** the process has not been applied to any great extent 
because of the difficulty of condensing the zine vapor produced 
in smelting in tne electric furnace. The cause of this difficulty 
has not yet been definitely determined. With few exceptions the 
work has not been done on a very large scale, and so it may be ~ 
said that the electric smelting of zinc ores is still in the ex- 
perimental stage. 


The foregoing note on smelting zine ores is followed by a description 
of the electric-furnace process in Sweden. Roasted zinc-lead~silve2r slime 
was being smelted, but many difficulties presented themselves, although it 
wes expected that they would be ovarcome. Current cost $10 per kilowatt- 
yeer, or 0.11 cant per kilowatt—hour. 


In 1323 the Bureau of Mines again interested itself in electrothermic 
ginc smelting. 


O'Harrats report2/ contains 1l pages of references on the electro- 
thermic metallurgy of zinc. Electrothermic or thermozlectric smelting may 
be defined as the reduction of an ore by means of an electric currente It 
may be said that more than two-thirds of the zine metal produced in the 
world is derived from the retorting or distilling of roasted concentrates; 
the rest resuits from the elactrol:tic or wet treatmant of ores. For re- 
torting, the heat, which is applied outside, is derived from natural ges, 
producer gas, waste heat, coal, nor other combustibles. Retorting is not 
smelting; it is not simple, and losses are rathor high. Neither is the 
smelting of zinc ores simple; in fact, in pengres it is Pe puetoencounee. 


ry, Lyon, Dorsey A., Rae Robert M., and Cullen, creer F., The 


Blectric Furnace in Metallurgical Work: Bull. 77, U. S. Bureeu of 
Mines, 1916, 216 pp. (Out of print.) 

5/ O'Harra, B. M., The Electrothermic Metallurgy of Zinc: Bull. 208, 
Bureau of Manse 1323, 106 pp. _ 
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The first electric furnace for the reduction of zinc ores was de- 
vised in 1885. Little was done then until 1900, through to 1915; but 
the production of zinc as met&l was difficult, most of it being condensed — 
as blue powders Later, the electrolytic treatment of ores more or less 
directed attention away from electric smelting. Because of the imper- 
fections in retorting and in electrolytic processes, the United States 
Bureau of Mines and the Missouri School of Mines and Metallurgy undertook 
an investigation into the electrothermic metallurgy of zinc. The follow- 
ing types of electric furnaces were found to have been tried by other 
vrorkers and are described and illustrated in O'Harra's report: Direct- 
resistance, indiréct-resistance, radiating~arc, and buried-are as con= 
tinuous and intermittent tydes or as slagging and dry-distillation types. 


The greatest obstacle encountered in all the attemots to smelt zinc 
ores electrically, and one that has caused the failure of many otherwise 
promising attempts, has been the difficulty of condensing the zinc vapor 
obtained from the smelting furnace to liquid zinc. In the earlier work, 
the major part of the zine was invariably obtained as blue powder, which 


clogged the condensers and had to be remelted to obtain a marketable 
product. 


Complex as is this problem, many complexities aris? in smelting OTeSe 
Zine is oxidized by the carbon dioxide formed; the zinc vapor is diluted 
by carbon monoxide and is sulphidized by sulvhur and sulphur dioxide; also, 
fine dust is maehy to be carried ee the conds snser by the rush of evolved 
E&as€Se 


O'Harra says this regarding the possibilities of ol ectric zinc 
smelting: 


The electric smelting of zine ores for the production of 
spelter can nov be termed metallurgically feasible. The ques- 
tion of cost then becomes of varamnount importance. Up to the 
present time, the plants in Norway and Sweden are the onl; 
ones that have been able tn achieve success. Little data on 
their costs are available, but the plants have been able cnn~ 
tinuously to maintain and expand their operations during more 
than 15 years. They are favored by having very cheap power 
available, and it is probable that their process would not be 
practicable in this country [the United States]. Judging from 
published reports, their netallurgical results are not as gnnd 
as have been obtained in much of the work in this country. 


The largest single item of cost in the electrothsrmic process is 
slectric powore An electric smoltor must ba near chaap power. A conserva- 
tive ostimate of the requirements of a proporly constructed, continuously 
operating furnace of 5 tn 10 tons daily capacity would seem to be 3,000 
to 3,500 kws—-hr. peor ton of zinc metal produced, smelting’ a cold charge, 
or’2,500 to 3,000 kye-hr. with a preheated charge. This consumption should 
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be lowered by larger and standard operations. Somewhat more power than 
that stated may be requirod by low-grade ores. In the Western States, 
24-hour continuous pewer can be obtained at rates of O.4 to 0.7 cent per 
kilowatt~hour, and off-peak power as low as 0.25 cent. 


It is metallurgically possible to recover at least 90 to 95 vercent 
of the zinc from an ore in an electric furnace in regular operation. Also, 
most of the proposed electrothermic processes recover lead, copper, and 
the precious metals as bullion and matte or as a product in desirable 
shape for blast-furnace treatment. Low-grade and complex ores offer no 
difficulty in the electric furnace, and the presence of impurities is not 
detrimental. | 


The cost of an electrothermic zine plant will be less than that of 
either a retort or an electrolytic plant if power is purchased. The pro~ 
cess has the additional advantage that units of 10 tons are practicable. 

O'Harra concludes as follows: 

Each of the three processes ~ retort, electrolytic, and 
electrothermic ~ has its particular field and there are un~ 
doubtedly places in this country where the electrothermic 
process could be profitably anplied. 


In the 143 years that have elapsed, nowever, it has been impossible to 
find any casos, either here or abroad, in which electrothermiec zinc smelt- 
ing has been profitable, in spite of some rather extensive epee ee es 
pecially that at Trollhattan, Sweden. . 


The attempts to smelt zinc ores in the electric furnace in Sweden 
have been described by Landis’ .+ Gustav deLaval began to experiment in 
the field of electric zinc smelting in 1893, and by 1&93 he had developed 
a practical but intermittent furnace at Trollhattan, Sweden. By 1902 he 
could smelt roasted sphalerite, using coke as a reducing agent and lime 
as a flux, and he applied for the first of a long series of patents. In 
1903 a company was organizod, and large plants were buiit at Trollhattan, 
Sweden, and at Sarpsborg, Norway. The former was much the larger, employ- 
ing 22 furnaces, each of 500 horsepower, during the World War. The early 
furnaces vere single-phase, with bottom contact and one movable top elec~- 
trode. The newer furnaces, which had greater hearth area, were provided 
with two top electrodes and no bottom connection. One of these vas merely 
suspended: in the furnace and lowered as consimed. Zine was recovered 
partly as liquid metal and partly as powder. As developed t> 1925, the 
Trollhattan process was one of all-electrothermics involving the use of 
four different tynes of electric furnace on zine and a fifth for lgad re- 
fining, if lead was prescnte A 


Landis, We S.-, The Trollhattan Electrothernic Zine Process? Tech Pub. 
710, Am. Inst. Min. and Met. Eng.,.1936, 24 pp. | 
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A few details of the »rocess follow, as given by Landis; 


The sulphide ores vere roasted in a multihearth furnace 
and mixed to make the charge as nearly s:lf-~fluxing as vnossible. 
The smelting operation was carried out in a closed, arc-resis— 
tance tyoe of electric furnace. The reaction was essentially 
one of reduction and volatilization, the sangue of the ore 
being fluxed to »roduce a fusible slag. The furnaces were 
charged from overhead bins, tha charge consisting of a pre- 
mixed roasted orc, flux, end coxe breeze; and if conner wes 
present in the ore, enough age was left in the charge 
to vroducs a lovwgrads matte This smelting furnace handled 
all off-grade slags and arittees togetner vith any residuc of 
gine dust not liquefied in the rotary furnace and the various 
residues from the refinins furnnces. 


The furnace overated in the smelting zone at a temoera-~ 
ture abovs 1,400° C. (2,523° Fe), and lead and zine were 
volatilized anc left the rurnece in vepor form mixed vith 
caroon monoxide. T is gas stream nassed to Vvatur-cooled 
condensers, where the motels drowned out in the form of a 
powder end mechanical screw conveyors vers provided for 
continuously dischsrgine the nonécr through a suitatls secl. 
The carbon monoxics passed out through a vatcr s2al and 
burned at the cxit stack. The chornctor of this flame tras 
an.important guide to the rurnac2 operntor. 


Tho slag and matte toxzether vore teomed from the fur- 
nace into slag pots, where the matte settled to the botton 
and was separated by tho older system of "muscular metallur2y." 
Gold and silvar resent in tho ores ppveared largely in the 
mnatt2, althoush some silver vas volatilized and recaptured 
at a later st-»ge in the crocess. 


The zinc-lead pevder removed from ths condensers vas 
collected in metal contninors, which wire carriea to bins 
placed above the rotary furnaces. In these 3iectrically 
heated furnaces the povder was given a rolling and eae 
‘at a temperature well above the melting point of zine (759 
A large part of the novder was rolled into liquid, “hich ras 
tapped from the rotary furnaces at intervals. The unliaquo 
_ fied powder was mechanice elly discharged through the axis of 
the furnace and, after cooling, was carried back to the nore 
syelting furnace; khencs the name "return powder." 


Eventually, the lead-zine alloy was liguated and yielded refined zine 
slabs and lead pigs, also an iron-silver-co»oper cake that was sold. 
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The power consumotion, calculated back to the original zinc ore fram 
Burma, was 800 kw.—hr. per ton. The total consumption per metric ton of 57 
nercent material on the three furnaces was 3,335 kw.-hr., or, per ton of 
zine recovered, 6,550 kw.—hr. 


Landis makes this statement: 


in spite of years of work recorded in volumes of litera~ 
ture, and an expenditure of large sums of money, there is not 
a single electrothernic zine smelter overating anywhere in the 
world. In this industry the electric furnacs plays only a 
secondary part today. 


The Trollhattan anterprise ras at a standstill in 1936. 


‘The only electric zinc furnaces operating in thse United States are 
those at Josephtown, Beaver County, along the. Ohio River, Pennsylvania. 
They make gine oxide and are overated by the St. Joseph Lead Co., which 
treats 5/ percent zine concentrates from its Edwards mine, St. Lavrence 
Co-,NYe In the plant are two Herreshoff 1le~hearth roasters, three Dwight- 
Lloyd sinterers, Cottrell precivitators, sulphuric-acid equipment using 
vanadium oentoxide as catalyst, and preheators, eight Gaskill petented 
electrothermic furnaces arranged to make baghouse zinc oxide, which is ad- 
vertised as lead-free. The company's annual report Tor 19343 said: "The 
electric furnaces have proved their eminent suitability for tho production 
of lead-free zinc oxide." Porer is supplisd by the Duquesne Light Co. plant 
near Pittsburgh at 66,000 volts. Six 1,500 kw.-amp. transformers reduce 
this to 2,300 volts, and cach furnace is served by three 2,300/320/100—-volt, 
1,800~ampere, single-phase transformers. The process is dascribed by George 
F. Weaton in volume 121, Metallurgy of Lead and Zinc, American Instituto of 
Mining and Metallurgical Enginsers, 1935. ‘The plant was designed to traat 
120 tons of concentrates daily. 


The furnacee havo a bore of 57 inches snd aro 37 feet over-all in 
height. Tho sinter cake, assaying almost 60 vercent zinc, is broken to 
inch size and smaller, and with enke of similar size is heated to 750° C. 
by natural gas and fed to each furnace, which contains 25 tons or more. 
Electrical contact with the charge is made by means nf three »airs of carbon 
electrodes; the charg? itself constitutes a resistor 57 inches in diameter 
end 24 feet long. Betrsen the Tove tee discharge table and top electrodes 
the tempsrature is aporoximately 1,200 C. About 18 hours is required for 
the passage of the charge through a furnace, aach of which consumes 29,000 
kweehr. daily. The voltage averages 265. 


The final product varies according to customers! wishss, but a typical 
example is 99.4 psreont zinc oxide, 0.01 to 0.05 percent lead oxide, 0.002 
percent cach of cadmium oxide and ferric oxide, and 0.06 percent sulphur 
as the trioxida. 


On 
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As is seen by the foregoing descrintion, these electric furnaces are 
not actually smelting the zine concentrates; Sut use is made of electric 
heat to volatilize the zine which is concengsed as oxide. The coke serves a 
double function — to nrovide the resistance wath for the electric current 
and the carbon for reduction of the zinc. 


The refractories used in the electrothsrmic furnaces ere described by 
Winfield B. MacBrids in the Bulletin of the American Ceramic Socicty for 
December, 1945. It wes found that electrical fentures of the furancs intro 
duced more than the usual limitations in rafractorics. Tho furnase wall is 
composed of circular sections of refractories sup orted on stsel sxow-rings, 
which ar3 electrically insulated from tha furnoca coeune The ¢rincival 
slneging elements that affacted the refractories wer3 iron oxides and iron+ 
zinc silicates of a fusing tomrernture of 1,1209 C. 


The major refractory oroblems pvert..in to the silica and iron solution 
attack at high temperature, expension, oorosity, sracual disintesration due 
to zine penetretion, end cost. Exnct dimensions of shapes is of importence, 
alsoe Experimentation finally svelved = mix cf low-nlumina grog (minus 10- 
mesh, with control of the cmount of min-s eC a bail clay, and 9 to 
10 psrcent wetere Tne shanes rre fired to l, “0° CG. Tho texturo is uniforn, 
the refractory has a mo tall FC Pine Wasnt eee end the porosity avorages 
15 parcente Law voresity is »n importent fertura in any refreetory for this 
tyre of furnace. 


The possivilities of mctallic-zine oroduction by reduction with solid 
fuel and electric hat veuld seem to have been fnirly well exhausted. The 
economic possibility of th2 natural-gas reduction oreesass developed in the 
Metallurgicel Division »f the Buresu of Mines remains to be determined, 
hovevere 


Briefly, this process, which was first tricd in 1530, is as follows 7/;: 


Maier, of the Buroeu -f Mincs, had discusesd tne uso -f methans for 
reducing zine oxide snd prodicted cquilibria at verious tempz2ratures for tho 
more immartent reactions. Dnornur axtendec the study. 


Tha gas used contzined 80.35 percent CHh 7230 percent Cots, 3-87 
bercent CzH,, and smallor amounts of the higher Lomologs. The reducing power 
by renctians analngous to the reaction ZnO + CHy-> Zn(gas) +CO + 2H» is pro- 
porticnal t- the carbon enntent, which in this cnsa is aonut 20 percent 
higher than that of methane; also, about half of the roducing powar cf the 
higher members was directly utilized. 


Tho expsrimental retort need not be described. It vas charged with 
sintered concentrates assaying 09 to 70 psre2nt zinc, crlcines with 68 per- 
cent zinc, and zine dross. All zgeve satisfactory results. Th? condensation 
the zine presented difficulties not oncountered in current retort practice, 
and a greater condensing surfacs was neoded because of the lower concontra~ 
tion of zine vapor. 

Doernor, Roduction of Zine Ore y, Nak atural Gas: Rept. of Investi-~ 
gations Gace Burasau of Minos, Decom a 1934, DPe 
hee -~[(- 
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A recovery of 35 vercent is feasible, most of the zinc being recovered 
as a metal, and 5 cubic feet of gas will »roduce about 1 pound of metal. 
The technical possibility of the process has been demonstrated in the labora 
tory but its economics must be proved on a working scale. | 


Conclusions Regarding Zine Oras 


To review the status. °1f 2lectric zine smelting in rogerd to the four 
factors cnunorated: 


le. Because some solid or gasenus reducing fuel is necessary, and that 
for heat need not be exmensive coxs, electric heat must be cheap indeed to 
compets with combustion. 


Ce No type of oslectrothermic smelting of zinc l3nds itself readily 
to precious-mstal recovery, although natural-gas reduction would s3em to 
bs advantageous. 


3e Milling immrovem3ants make it g9noreally unnecessary to consider 
complex ores, es at Trollhattan. 


4, The only advance in teennoleay thet vould soem to affect the situa- 
tion is the proposed natural~geas radudtion processe 


CCPPER ORES 


a 
In considering the smeltinzg of copper ores, Lyon and Keeney8/ said, 
in 1915: 


The electric smelting of copner cres is nothing more than 
the substitution of electric heat for the heat derived from the 
combustion of carben. Irasmuch as the carbon which is used 
either in the reverv2aratcry furnace or in the blast furnace 
plays no importont part in the reactirns that taxe place in these 
furnaces, thera is no rjeso.n, metallurgically, why clectric heat 
may not de substituted for tha host dorived frem the combustion 
of carbon. In fact, in some esses the reactions would take 
place to bettor advantag> in the neutral atmosphere cf tho 
glectric furnace than in the reducing or partiy reducing atmos- 
phore of the combustion furnace. Therefore, the practicability 
of using the electric furnace for the smelting of cooper ores 
would largely depend on the relative cost cf coke and electric 
powere 


z/ Lyon, Dorsey A., and Keeney, Robert M., The Smelting of Coppor Ores 
in the Electric Furnace: Bull. 81, Burasu of Mines, 1915, 80 pp. 
(Out of print.) 
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As the use of the electric furnace is not advoc-ted as a. 
competitor of the comoustion furnace, but as a substitute for it, 
in those localities where it is not advisable, because of the 
high cost of fuel, to use the combustion furnace, but as a sub— 
stitute for the combustion furnace where conditions are such as 
to warrant its use, especially in the treatment of conver~bearing 
oreSe 


In this connection it is to bz remembered that the develop 
ment in the electric furnace in the iron industry for the reduction 
of iron fram its ores was due to necessitye As a matter offact, 
the field for the clectric furnacy in the reduction of iron ores 
is limited. Perhaps the same is true as regards the possible 
application of the electric furnace to the treatment of copper 
ores; but, judging from the comparative costs, it woild seom that 
the possibilities sf the electric furnace for the trcatment of 
copper ores are grvat:r then theso for the trsatment of iron ores, 
because thsre is net 29 sronat a difference botrean the ecnst of 
coke and of electric wovwer in coz -3ar-mining districts as there is 
in iron-smelting conters. Alison, tha cx%st of electric powsr is 
constantly becoming less, through imorovsmants in gas engines 
and steam turbines, so that in districts where water power is not 
plentiful dut chead fuels unsuited to cok2-making re available 
it may be found more advantngenus to us: electric hat than the 
heat derived fro th2 combustion of coke. 


The roport just cited stresents, first, a critical discussion of the 
possibility of smelting copper ores in tne electric furnace; second, the 
results of the experimental vorkx of other investigators on the electric 
smelting of copper; third, the resu'its °“f experiments by the authors on the 
dlectric smelting of native copner concentrates and sulphide copp2r ores; 
and fourth, a comparison of the elsctric furnace with the blast furnace 
and revorboratory furnace for copver smelting. 


In general, thore ara three classes cf rres that have to be cnonsidsred 
in copper smalting - native ccpner; the oxides, silicates, and carbonetos: 
and the sulphides. Tho third-named pres:ints additional complications. 


A number of runs wers made with an electric furnace smelting a fine 
Michigan native cooper concentrate, and it was concluded thet such material 
could ba smelted to produce a gond grade of black covper without excessive 
loss of coposr in the slag or otherwise. 


To attain the greatest economy in such rork, an electric furnace must 
be operated continuously. The smaller the scals of opzration and the more 
frequent the interruptions, the graater will be the metal losses. A furnace 
proposed for reducing nativ2 copper concentrate would have a smelting 
Cchanber lined with refractory brick, three carbon electrodes susvended ver-— 
tically through the rnof, and a charging stack lined with firebrick over 
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the crucible. In 24 hours 750-iow. furnnce of this tyne should srelt 23 
tons of such concentrates assaying 25 to 4O percent copper. 


Lyon and Keeney then discuss the sneltinz of sulphids copper nreg in 
tho ordinary blast furnacys and th2 possibility of sudstituting the electric 
furnacee Thcy tell of the reduction of cnpnor crags in Chile and in Europa 
moro than 30 and 20 years ago. Then foiloew the oxvorin ents of the Bureau 
of Mines in 1915, whose objectives vere: | 


1. To determine if ther2 were any conditions under which electric 
smelting without air would be anything but a simnie melting operation. 


2e To note the vercenteze of concentration end the sulvhur removal. 


3. To study the possisility of condensation of the giemental sulphur 
as such. 


4, To get general figures on power consumption with verying charges. 
5. To determine loss:s of sold, silver, and conpor. 


Oe To stucy th3 use of a lov-grado copoer matte as a collecting agent 
for gold end silver. 


The furnace used by Lyon and K3eney was 11 inches squere and 15 inches 
decp, lined with firsbricx and with a carbon bottom. Ths crucible, which 
had a taphole, was supported on an arch of firecbrick. <A 2-inch graphite 
sloctrode was lowsred into the ton of the crucible and one of like ara 
protruded from the bottom. The top vas roofed end xcpt closed to prevent 
escape of sulphur and admission of air. 


Low-grade sulphide copper ore high in sulvhur, a gold- and silver~bear 
ing siliceous ore, and som3 roasted ore vars smelted. Twenty rums vere 
made, and tha averege recovory of five of them was 95 nercent cf the copper, 
90 percent of the gold, and 75 percent of the silver. Tho metals were 
eollected in a matts and the slags contained little meatal. About half of 
the gold lost.vas lost mechanically, and a large vart of the silver loss Tas 
mechanical and by volatilization. Electrode and power consumption vere high, 
but in a furnace of proper design and poration these veuld be much lower. 
‘Gnsts aro discussad ~ these of the alectric furnace with those of the blast 
furnaceée 


Lyon and Keoney covcred much the same ground in thcir paper, The 
Gnslting of Copper Ores in the Electric Furnace, which is to be found in 
Transactions 47 of the American Institute of Mining Engineers, 1914, «A fair 
anount of discussion folloved the paper. 
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Figure 1.— Diagrammatic sketch of Westly electric smelting furnace in operation. 
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Experisnce in Norway 


According to Witherell and Skougor9/, large-scale experiments or cam 
paigns in Norway showed that electric smelting is practicable where the 
necessary power is available at low cost. The choice of smelting by 
electricity or by regular furnaces is a choice of lower power cost as against 
high fuel cost. The metallurgical advantages include sulvhur conservation, 
reduced metal loss, and smaller flux requirem2nts than for rsverbcratory 
furnacese The electric furnace is suitable for ores low in sulphur. 


At Sulitjelma, Norway, the following quantities of copper met:2rial 
were 6lectrically smalted in the Westly furnace designed by Jens Westly, 
metallurgical ongineer for tha Sulitjelma Copper Co. 


1917 - 2,133 tons of raw concentrates end 2,747 tons of roasted con- 
centrates; 1918 - 1,817 tons of raw concentrates and 3,187 tons of roasted 
concentrates; 1919 ~ 216 tons of raw concentrates and 546 tons of roasted 
concentrates. War conditions in Europe ended regular operation, including 
the construction of a 3,000-k:. furnace to smelt 100 tons per day and 
satisfactory trial runs on zinc ore. 7 


The Westly furnace (Fig. 1) consisted of a nontilting boiler ~ iron 
shell lined with standard refractories and with an open arched roof with 
regular electrode openines. The electrodes were lowered vertically through 
the top. Tnere were three to six of them in lin3, densnding on furnace 
capacity. Their tips dipped into the slag layer but were kept well above 
the matte layer. This arrangement takes advantage of the fact that all 
mineral substances that aro electric insulators when cold becoma high- 
resistance conductors when above red heate There was no are action in normal 
ruining. Electrode consumotion was 4 kilograms per metric ton of material 
smelted. aS 


The Westly furnace used 3-phase, -50-cycle, alternating current at lle 
to 230 voltse The several sizes were of 200 to 900 kw. capacity, and the 
power consumed in the large furnace was less than 700 kw.-hr. per metric 
ton of ore smelted. No other fuel was used. 


Ore from the Sulitjolma mine consisted of copper pyrite, iron pyrite, 
and pyrrhotite. This was partly concentrated, giving a product carrying 6 
percent copper, 28 to 30 percent sulphur, and 28 percent silicae Part of . 
the concentrate was roasted and mixed with the rav portion beforea it was 
charged into tho furnace. The matte assayed 30 to 40 percent copper and 
the slag 0.3 to 0.4 percent. 


. nena a ae 
7 Witherell, C. S., and Skougor, H. E., The Westly Electric Furnace for 


Copper Smelting: Eng. and Min. Jour., vol. 113, March 4, 1922, pp. 356- 
3616. 
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Current Practice in Finland 


The most recent plant to smelt copper ores electrically is that at 
Inatre, Finland, and we are indebted to Eero Makinen, general manager of 
Outokumpu 0. Y., for the following information based on questions asked him 
through George Orr, United States Consul at Helsinki (Helsingfors). ‘The 
company officials aro satisfied with tho furnace and will show it to anyone 
interestede | 


The 2lectric furnace is of the resistance typos, the slag overlying the 
matte being the resistance. It is. cylindrical, measuring 10 meters (33 feet) 
in diamoter and 4 meters (13 fest) in height. The bottom and walls are 
magnosite brick, and the arched roof is "chamotto." The sidc, on which are 
four holes for tapping matte, is jackoted with watsr~cooled copper castings. 
Othoarvise the furnace shell is steel. Tho thros3 electrodes ar3 of the con- 
tinuous Soderberg type, each 1,400 millimeters (56 inches) in diameter. the 
3loctric current is 3—phase 50-cycle, with 90-110 volts betwoen the envoraes 
and the pover load 7,000 kw. 


Tho Wpercent copper ero from the mine is dressed by flotation. Con- 
contretos assay 22 to 24 percont copper and havo a finenoss of 80 percent 
through 200-mesh.e The daily output is 150 metric tons dry weight, and tho 
concentrates are dricd to 4 to 5 percont moisture in a rotary Kiln. 


Ono-helf of tho concontratas arc roaxted in the sulvhuriceacid vlant, 
and the calcine is mixcd with raw concentratos, lime, and quartz send rith- 
out briqvuetting or agglomeration. Tha chargo is as follows: 


Percent 
Raw concentrates d Syse atime cesie eter pe acotiemeea eae 33 
Tigasted cOnGOntratos es..c .-cecccccrccccccveesese 35 
Quartz SSHRC SHETSTHS SEH CHOSE OTSR HOES SHE OSCE BASE SCESE li 
Limestone @tceourtwoeoeteveeeetrteeeeeGesrc2ceatet ev evertenGane ® Oo 


Slag, scrap, flue dust, and other materials ..... 10 


This mix is charged into the furnace, the daily capacity of which is 
250 to 300 tous of dry materials, excluding converter slag. It operates 
continuously; charging is continuous, but tapming matte and slag is inter 
mittente The consumption of pover is 540 kw.-hr. per tons of dry charge, 
the liquid converter slag not included. | 


The products of this electric furnace are matte, slag, and gas, just 
as from a reverberatory matte furnace. Matte carries 45 percent copper ani 
‘is blown to 99 percent blister, as customary. This is exported. Slag 
assays Oj percent copper, 57 to 58 percent iron oxide, 31 to 32 percent 
silica, 5 nercent lime, and 1.5 to 2 percent sulphur. The sulphur dioxide 
in the smelting furnace and converter gases is absorbed, extracted, and 
compressed to liquid S02, which is sold ton sulphite paper-pulp mills. 
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Although the unit cost of power is not available, the cost of electric 
smelting of copper concentrates and converting to blister is 800 Finnish 
marks, or about $17.50 per ton of conver. 


(With regard to the crice of pow2r in large quantities, Edvard Svanoe, 
Oslo, Norway, stated in Ins Engineer ( London ) for June 18, 1937, that 
electric power in that country may be obtained at 1/16 penny or 1/8 cent 
per kilowatt~hour.| 


LEAD ORES 
Lyon and KeeneylO/ said, regarding lead ores: 


The smelting of straignt lexd ores in the electric furnace 
has seemingly never been attampted either commercially or ona 
large experimental scal2, lars2ly bacause of the case and cheap~ 
ness of smelting sucn ores Dy cormoustien rrocessese For the 
smelting of ordinary ead ores, it [the clectric furnace] has no 
especial epylication, but in the treatment of complex sulnhide 
ores the electric furnsce migzht ba vrofitaoly used. 


No conditions would seen to have arisen +hait would increase the appli~ 
cability of the slectric furnace to lead smelting. . 


PYPITIC GOLD AND SILVER CRES CONTAINING MINCR ANIOUIITS OF COPFER, LHAD, AND/OR 
Z ii? ae 


Lyon and Keeneyll/ stated, rozarding gold and silver ores: 


In the smelting of gold and silver ores carrying no lead 
or copper to form sithor a lead bullion or a copper matto, but 
containing iron sulphide, the clectric furnace might be used 
in connection with an air blest for oxidation of the iron 
sulphide, an iron matte being used es a collecting agent for 
the gold and silver; *** a fair recovery can be made in this 
WEY e 


This general principle seems to us to be sounds The matte, rich in 
precious metals, so formed could be shipped to the smelter; or as the miner 
much prefers to obtain bullion for shipmsnt to the Mint, the matte could be 
cast in anodes and treated electrolytically for the recovery of the precicus 
metals. 

No methods havo been worked out for this type of smelting, and until 
they are we cannot recommend them to the small workore - 


IG) seeuennennts a 


N) 
l/ Seo footnote li. 
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As its nev experiment station at Boulder City, Nav., tho Motallurgizal. 
Division of this Bureau has installed squinment for ths electric smelting af 
cartain concentrates - copper-nickel for a start - but no results can be ex- 
pected for at least several months. Runs will be made on ores of other 
metals. The findings will be published frem time to time as results warrant. 


Snelting Concentrates in the Philipvinos 


With regard to the cconomics of electric pover and fuel for smelting 
nonferrous 9res ana concontrates, mentioned 3arly in this circular, the now 
smeltcr of Marsman and Company, Province of Camarines Norte, Luzon, Philippine 
Islands, is an oxamvlc: During 1636, flotation eoneentratos of two mines 
which were shipped to the United States avoraged as follows ;ila 


Analysis of erncontrates 


Metal United Paracale San Mauricio 


GO1d, OUNCES ceccscecccnecccce 7265 
Silvor, OUNCSS ceowcesccacecoes 10,70 
Copper, DSTCONt seocceeseceves 3410 
Zinc, Porcont eescerecceecsece 303 
Tron, Percent cecscocccscevens 33.76 
Sulphur, percont ececcsscerece 36.18 


Insoluble, percent sescocevces 


Ssloctive flotation mnde it possible to produce a high-grade enncentrate 
which could carry tho cost of sacking, froight, and smelting chargese 


It cost, including snclter deductions, $51.25 and $42.06 par ton 
respectively, to handl2, shiv, and smelt these cnnccntrates The charges 
on concentratas from the Suyne mins vere $70.42 per ton Lib} 


To reduce those costs, the local smolting of concentrates was considered. 

The reverberatory was eliminated because of its excessive first cost and 
high operating cost, especially on the relntively small tonnage available - 
30 tons a day at presont, but custom business is expected. The electric 
furnace had to be rejected on account -of the prevailing high cost of power 

in the Philippines. This left the blast furnace, and as raw concentrates 

are not desirable for such a furnaco, it was decided first to sinter the 
concentrates, smalt the sinter, and ship the matte for refining. 


lla/ Weokley, Ce A-, and Norton, S. W., Some Refractory Gold Ores of the 
Philippines: Eng. and Min. Jour., vol. 138, Aug. 1937, pe 412- 


11b/ Weekley, Ce Ae, Starting the Smelter at Mambulao: Eng. and Min. Joure, 
vole 138, Aug. 1937, p. 41, 
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The smelter commenced work in Muy, 1937. As received, concentrates 
assay 4475 ounces of sold, 10.25 ounces silver, 4.25 p:rcent zinc, 3.10 
parcent lead, 41.50 percent sulphur, an. 3.70 vercent insoluble. They are 
nixed vith a flux, distributcd onto the 4 by 10-foot Mace sintering hearth, 
the sulphur ignited with « vortablo oil-burner, and th> mass semifused. The 
sinter contains 40.9 poretat FeO, 53 percent Cad, 3.2 percent S, and 32.0 
percent insoluole. 


Additional fluxcs, “hen needed, are added to the charge in ths number 
4 Mace blast furnace. Silicsous ming ores suptly the silica and beach 
corel the lime. 


Ten to le tons of concentrates can be reduced to 1 ton of matte which 
contains 4O percent copper and 4O to 60 ounces gold per ton. It is advantay 
geous to shin matte to Tacoma. 


5 ver ton of concentrates 


It is estimated that 2. nst saving of at least $l 
of conccntratese 


will result from the locnl btlast-furneco reduction 


BLECTRIC SURBACSS AND ACCES 


fa 
ae. 
C) 
¢) 
ret 
tI 
LI 
op} 


AVAILABLE 


Following is a list of maxers of electric furnaces, or cquinment thsre~ 
for, who would be glad to off3r advice on furnace practice: 


. Ajax Electric Farmaco Corporation, 1108 Franifora Ave., 
Philadelphia, Pae (Furnaces.-) 


Ancrican Bridge Co., Amoridge, near Pittsvurgh, Pa. 
(Heroult rurnace.e) | 


Detroit Electric Furnace Cornoration, 625 West Elizabeth 
Ste, Detroit, Mich. (Furnaces.) 


Electric Smelters, Inc., Central City, Colo. (Wile furnace.) 
Ganeral Electric Co., Schenectady, N. Ye (Apparatus.) 
Greane Electric Furnecs Co., Seattle, Wash. (Furnaces.) 


Pittsburgh Lectromelt Furnace Corporation, Pittsburgh, Pa. 


(Furnaces.) 
Westinghouse Klo oles Manufacturing Co., East Pittsburgh, 
Fa. (Apparatus.) 


IRON, MANGANSSE, AND CHROME CRsS 


While the electric-furnace metallurgy of iron, manganessa, and chromium 
is not a main concern of this report, a short section on the present status 


of smelting thes? matels by electricity has boen added: 
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IRON OPE | 


Lyon and Keeneyl2/ also gave consicerable attention to the reduction of 
iron ore and the melting of iron and steel in the electric furnace. The 
problems and vractice to 1914 are thoroughly reviewed and discussed. No 
actual smelting of ore was done vy the Bureau of Mines. 


Apparently, the first clectric furnace for smelting iron ore was tried 
in Italy in 1698 A few years later a Canadian commission visited Europe 
to study the reduction of iron ores in Italy, France, and Sweden, and in 
1906 an electric furnace was tri:d at Sault Ste. Maris, Ontario. Results 
were revortéd as being satisfactory, but no large-scale smelting of ores 
has been done sinceée 


Considerable space is given in Lyon and Kesney's report to the electric 
smelting of iron or3s in §Sveden, which, w2 may say, is the only country in 
which such motallurgical work is being done on a large scala. The plant 
at Trollhattan cost $93,000 and the results were fairly satisfactory and 
improving. The ore carried up to 68 percent iron. Limestone was used, also 
gome charceal. Power consumption per ton of iron produced was around 2,000 
kKwe-hre 


The foregoing text is follored by a review of the problems in the 
electric smelting of iren ores and the status of the iron industry in the 
wostern United Stat3s. Prospectors rarely gave iron ore a thought; they 
looked for iron only as an indication of tho presence of gold and silver at 
the surface and copper at depth. Probably, in vanning or otherwise testing 
iron outcrops, if no mincrals showed the prospectors considered them value- 
less, not thinking of iron ore. 


As is well-known, much experimentation on the electric smelting of iron 
ores was done in Snasta County, Calif., but nothing has been tried for 20 
years. Now that power at 1-1/2 to 3 mills per kilowatt-hour (which is 
equivalent to $9 to $15 per horsepover-ysar) will be available fram the 
Columbia River, Oreg., the electric smelting of western iron ores is a 
revived project, but only on an extonsive scala. HodgeL devotes some 
space to this in a report made to the North Pacific Division, Corps of 
Engineers, United States Army. He concludes that charcoal is somevhat better 
than coke as a reducing agent. It has a higher electrical resistance, in- 
creases the furnace temperaturo, end decroases the pover consumption per ton 
and the speed of production. An estimate of the cost of tho raw materials 
for such electric smelting is as follows: . 


12/ Lyon, Dorsey A., and Xscney, Robert Me, Blectric Furnaces for Making 
_ Tron and Steel: Bull. 67, Bureeu of Mines, 1914, 142 pp. (Out of print.) 

13/ Hodge, Edwin T., Available Raw Materials for a Pacific Coast Iron 

Industry: Corps of Engineers, United States Army, Portland, Oree, 

4 volse, 1935, 900. pp., and mapse 
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Estimated cost of raw materiels for electric-furnace iron 
1.66 tons of 60-percent iron ore at $4.50 per ton wereccee $7247 


8CO0 pounds of 8l-percent cerbon coke at 6.50 per ton ... 2.60 
1,000 pounds of 98-percent limestone at $2.50 per ton ... Leeo 


DOLOMIGE*OF MS CUE SA US: re cia cevase xe reioin 6 serine. ee ore rere OOS wcawcacew ee e290 
OHO TT Ge! <4 ssté: ce asters io Winve wei k ee Grae wee Ce Oe eee eek ooe es ue 206 
nishalea=\e\cusis amr ane ea Roe are eee ee ere ee eee er ee ee a eee er O09 

11.67 


A report by Millert4/ followed that by Eodge. His introduction states 
that it became apparent that the cost of producing pig iron in the Portland- 
Bonneville area would be much higher than the cost of the competitive blast- 
furnace iron at Ironton, near Provo, Utah; ard that the feasibility of an 
electric-smelting enterprize couli be determined only after detailed and 
careful study had been mads of all items of cont. 


In selecting a furnace there are only a few types to choose from, and 
only two of the many that have been tested have survived and been developed 
into industrial furnaces - the Gwedish "Hlektrometalls", or shaft type, 
and the Norwegian "Spigerverk", or pit type. The first of these has been 
operated since 1911, and the other since 1925; at present the shart furnace 
is being used in three plants end the pit furnace in two plants. The 
swedish furnace has been developed to use charcoal exclusively, although it 
has been edepted to use 65 percent charcoal and 35 percent coke. The Nor- 
wegien furnace wes developed for coke only, but it can be adapted to use 
charcoal only. Miller concludes that under the conditions existing in the 
Portland erea, the Spigerverk furnace is most suitable. 


Section 7 of volume 2, 93 pages, in Miller's report, covers the 
electric smelting of iron ore as tried and as it is being done throughout 
the world. The Dominion of Canada made electric iron in 1906 and demons- 
trated thet, metellurgically, a sustained operation could be cerried on. 
But the furnace wes converted to produce ferro-alloys. 


During 1907-14, furnace runs were mide in Shasta County, Celif., but 
they were attended with difficulties, technical and economical. In 1925 
an unsuccessful attempt wes made to resume smelting. 


l4/ Miller, Raymond M., The Feasibility of Establishing an Iron end Steel 
Industry in the Lower Columbia River Area Using Electric Pig Iron 


Furnaces: Corps of Engineers, United States Army, Portland, Ore., 
2 vols., 1936, 511 pp. and maps. 
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Iron—Ore Smelting in Norway 


Norway has extensive deposits of iron ore containing 30 to 36 percent 
iron, as well as large denosits of pyrite which, after the sulohur has been 
removed, will yield 00 percent iron. Norway not only has an adequate lime- 
stone reserve and ammle wator norer, but is vell-supplied with raw matcrials 
for making iron and steel. Charcoal blast-furnaces wore used for many years 
to reduce the iron ore, but since 1°10 the metallurgists have persevered 
with the electric Panna con according to Christiansen « After many trials 
with a 5,000-kv.-a. furnate in 1425 and one of 9,000 kv—a in 1927, Norway 
now produces electric pig iron at thrae places ~ Christiania Snigerverk, 
12,000 to 13,000 tons a year; Bremanger, 18,000 to 20,009 tons a year; and 
Hoyanger, 4,000 tons as a byproducte The iron mada in Norway is a quality 
pig and the brand "Norway Iron" is as good as ever it was during its 200 
years of use at home and abroad. 


In the @lectric reduction of iron ores the nature of the reducing 
agent is of the greatest imvortance, Christiansen says. With charcoal the 
process runs SHORE: even in closed furnaces. Coxe pres. nts difficulties. 


The Blectrometnal furnace is a charcnal tive that can stand some 
addition of coke at the expense of increasing its consumotion of power and 
electrodes and with additional revair costs. The vasts fas is utilized 
outside. The furnace is exmensive to buy and maintain and enn mexe only 
iron of low silicon content, generally below 1 vercent Si. 


The Tinfos furnace uses co.ce only es the reducing agent. It makes gray 
iron of high Si content. Tks bimroduct sas has not been used so fare 


The Spiserwerk furnace also burns coe and cote dust. Utilization of 
the gas is pracvicalty complete. A high content of fine material in the 
charge does not interfere with regular vorking of the furnace. Tne furnace 
mekes irons of difrerent quatit:r, fron nure white iron of low Si content 
to iron with 4 percent or mere of Si. ‘The furnace is simols, low in first 
cost and reprirs, consumes 2,300 to 5,000 uv.-nre ner ton of iron, and is 
the only electric nig-iron furnace that by usinzs cheap reducing agents 
(no charcoal), utilizes the gas and permits the mai:ing of iron of any de- 
sired quality. Another advantage is that furnace units cen be made lerg*r 
than for other tynese 


Manganese _ 


The Greene Elactric Furnace 0o., Seattle, Wash., through Albert 5. 
Greene, has shown us a cony of a roprrt mada to the War Devartment on the 
reduction of ieee silicate ore from the Olympic Mcuntains. The purpose 
of these tests was to make forromanstanese from an ore thrt averaged 33 per- 
cent Mn, 80 porcent Fe, and 24 percent Sie It was concluded that a 


~~. es 


15/ Chcojstinusen, Herman, ‘ihe Producsien of Iron in Norway: Metals and 
Alloys, vole 7, Soeptamber 1530, MDe 225-2286 
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low-silicon ferromanganese could be madee Among the furnaces tested was 

one 30-inch Greene with two vertical electrodes and one 30-inch Greene with 
two horizontal electrodes; the otners were shop made. The feature of 
interest to readers of this information circular is that vhen finely ground 
manganese ore, coal, and lime are subjected to a relatively nigh temvera- 
ture, globules of metallic ferromanganese are formed. Tho ch-rg3 is then 
cooled, ground, and the metal sevarated by gravity concontration. The fine 
ferromangenese can be uscd as such or 62 remelted. This is tormed "high- 
temperature, nonfusion reduction® in distinction to "low-temnersture fusion 
reduction", which consists in melting the alloy into a beth. 


Consumption of fuel, flux, 2n4 sower are apvroximetely as follows ner 
ton of farromangan3se in Llarse-scale epiration: Coal, 1 ton; limeston:, 
1-1/2 to 2 tons; enersy, 2,900 kw.—hr. (rersonably honed for); electrodes, 
minor. A drsic (magnosits) heartn lining would be necessary for this 
DLTOCESSe | 


The nonfusicn reduction process may possibdly be adnrtsa to the treat 
ment of chronits. 


Chronite 


At Ooange Lek2, nuer tne Crnadian northern line in Ontario, the 
Chromium Mining & Snelting C rocratinn hes chromite averaging 17 percent 
chromic oxide and is conesntrating it to over 40 poarcent. Ths enncentreto 
is railed to Soult Ste. Maris, whore the company has three electric furnaces 
naking ferrochromium and other products. One furnace (recently dismantled, 
but to be rebuilt) made ferrochromium~silicon, and a second maxes lowcarbon 
ferrochromium from the product of that furnace. The furnace meking this 
ferrochromium differs from the others, in that the snelting is done in an 
enclosed crucible rather than out in the open. It is of /7-ton cavacity, 
operates at 110 volts, and has an approximate rating of 1,200 va eko/ 


With rezard to chromit2, Robert M. Kceney covered at longth the electric 
smelting of chromiun, tungsten, molybdenum, and vanadium ores in Trans-— 
actions 24 of the American Electrochemicnl Society, 1914. These ores are 
not sm3lted at the mines, but after concentration there, the enrichsd pro- 
duct is sint to elactric furnecés in the East and converted into ferro- 
alloyse The temperatures required -re so high that reduction in the blast 
furnace is not possible, nor in a reverberatory or cruciole. 


16/ Mineral Trade Notes, Chromite: Bureau of Mines, Feb. 20 and Sept. 19, 
1330, ppe 7 and 3, March 20, 1537, ve Ue 
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Tin 


The following item on the electric reduction of tin is from The Metal 
Industry (London) for January 15, 1937: 


An interesting examole of the use of the electric furnace 
in the smelting of tin concentrates is the process used at 
Anneecy, tha smelter of La Société a'Electro-Chimie et d'Electro- 
Metallurgis et des Acieries Elsctrique d'Ugins. The concentrates, 
vhich ere generally of Bolivian origin, ere mixed with calculated 
cuantitias of coke, lime, and othsar fluxes, and agglomerat3d by 
sintering with a binder under a prossure of 400 kg/mm. Tho 
azglonerate is introduced into an electric furnece with a sing’s 
electrode and conducting hearth. A siag of monosilicate degree 
is aimed at in the calculation of tha furnace charg?, and this 
will be fairly high in iron and tin since, owing to the effectivs 
nature of the sscond or slag-cleaning operation, it is not found 
necessary to attempt to produce a cleaner slag at ths first 
sm3lting. In the first operation cust losses ard small, the. 
Lodgs-Cottrell nlant securing 38 vurcent raceverye 


The molten products collect on thse hearth and are teoned 
eat intcrvals into inzot moulds, where separntion inte tro layers 
occurs. Ths udver layer is - crke of slz-g which is sent forward 
to the second smelting charge; the lover layer consists of sub- 
stantially pure tin, which is suitable to be sent at cnce to the 
liquating and refining operstions. 


The slag is crushed, mixed with ferrosilicon, lime, and cnxe, 
and treated in a furnac3 exactly similar to that used for the 
proceding operation. The object of this second smelting is the. 
production of a sesquisilicate slag substantially free from tin. 
The products of the fusion are cnilected by tanping into carbon-— 
lined moulds, and in this case s3parate inte three lay:rs. At 
the top 1s a craks of substantially tin-free slag, next the ferro 
silicon, which is nov enriched in iron, and finally, at the botton, 
molten tin suitable for liquating and refining. Tho tvc sup:rior 
layers nre removed as soon as they have solidified, and the 
molt3n metal ladled avsy into moulds. | 


Tha daily output of 7 tons is stated t-~ be approxinately 
equivalent to the capacity of a reverberatory furnace with 200 
square foet of hearth area. Ths chief -dvanteges claimed for this 
method of smelting are low dust linssus, canacity of reaching 
snolting tampcraturs casily, and long lifes of refractories. 


The operations -f liquation and rafining bring the iron con- 
tent down to a final figure ef from 0.02 to 0.04 percent. 
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STATEMENTS OF ELECTRIC-FURNACE iLANUFACTURERS 


Although we xnow the names and more or less about the manioulation 
of electric furnaces so wicely used in melting ferro-alioys, gray iron, 
steel, gold, silver, and nonferrous metals and ailo:s, we know of only one 
electric furnace that is advertised ws being suitaole for smelting at 
small mines - the Vile furnace. 


Wile Furnace 
According to Electric Smelters, Inc., Central City, Colo.: 


There have been over 33 successful installations of the 
Wile electric furnace to date. Theso installations have 
covered the treatm-nt of a great variety of ores, concentrates, 
and metals. In addition to thezs2 installations, laboratory 
tests on thousands of ores heve annbled a vast amount of 
accurate data to be somoiled aboait the smalting of almost 
evory tyoe of Known ore comrzinetion. Accurate? estimates of 
costs of oneration mar be given if a commlste analysis of the 
material to be trented is furnished, to.ether with costs of 
power, if aveileble, and with all inforeetion covering any 
potential fluxes, such 7s iron, or marnzanese ore, or Lime-— 
stones. *** 


The Wile electric furnece is adapted to, and in many 
instances has been used syeceestaliy Pea the smelting of 
gold and silver ores, concentrates, cyanide vnrecipitates, 
tin concentrates, soft-metal drosses, lead end lead-silver 
ores, battery nlates, conper scale, copner ores, manganese 
.cooper, and for the recovery of metallic values remaining in 
slags produced in ordinary fuel-fired furnaces, nickel and 
cobalt ores, sponges and scrap, iron ores, manganece ores, 
and for the manufacture of ferro-alloys 


Tne firm's folder states that the Wile furnace has many advantages, 
chief of which is control of the temnerature. The furnace ov3rates on the 
vrincivle of heat generated throuzh tne resistance furnished to the path 
of the electric current in a molten-slag conductor. The electrodes are 
vertical and dip into the slag in the crucible from above and below it. 
Above the crucible is the charging throat. The largest size of furnace yet 
developed kas a daily canacity of 150 tons of ore. As to cost of operation, 
there ero broad limits, naturally. - In general, a furnace of mcdium capacity 
would consume 250 kwe-hr. per ton of charge, which means, at 1 cent por 
kilowatt-hour, $2.50 per ton. As to recoveries, it is said: 


Where the ore or concentrate must be roasted before 
smelting, the electrically smelted product is a metal bullion 
carrying the values. Some matte is also formed, but this is 
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returned to the roaster to be reroasted, wnile the bullion 
igs sent to a refinery. Costs of refining are small, at the 
most, and when charged becx to each ton of ore, are trifling. 
Refineries make no deductions from the nrices of the metals, 
maxing only nominal charzes for the refining. 


In practice the slaz is melted first, and a deep bath is formed. The 
charee is fed on top of thse slg, and ths rea:zced metal or matte sinks to 
the bottom of ths crucibl?: cnc is tavoed as desired. The slag is drawn off 
continuously. No air is introcuced into the furnace and any dust created 
is collected by the colder chrrz? within the furnace. No baghouse is needod. 
Tt is reported tnat the slas suldom has to bs ro=-treatad. 


The authors wrote Elactric Smelters, Inc., for further information, and 
Re. S- Wile, president, answsred our questions to this effect: 


The firm had just received en inquiry as te wheth-r it weuld pay to 
smelt locally concentrate from a mill that produced 3 tons of concentrate 
per day. The reply stated that because of its situation, and other factors, 
a satisfactory return was to be axnected from smaltineg at the mine. 


Wile states thnt he nns svont over 50 yoars in developing smelting in 
the eltctric vurnece, »nd as far as h2 is awere nobody 21sec hes ettemnted to 
devaloo e furnace to smilt anything but steol, brass, and alloys. 


The largest furnace that Electric Smelters has built is smelting 100 
tons of iron ore in Norway (per day, presumably). This was erected in 1910 
but is not mentioned in Miller's raport of 1930, cited later. The smallest 
furnace has a capecity of 750 pounds in ou h-urs and is emoloyed for re- 
ducing precivitates. All of tha Wile furnaces are of the continuous type, 
except those tuilt in 1916 for the Rothert Process Steal Co. in S3attle for 
reducing titaniferois iron ores to refined steal in one onsration. (Ve 
learn on authority that this plant hes been idle since 1926.) There isno 
objection to vatch smziting or shutting dorm the electric fumace for psriods, 
excopting the loss in heat units rasuitine from such practice. 


In smelting copper ores, black copper or matte cen be produced, depend- 
ing upon the roast or condition of the copposr in the charges. In smelting 
copver~bearing gold and silver concentrates rith a heavy pyritic base, both 
oullion or matte are mada. if there is a deficiency of copnor as a collector, 
either lead in somo form or conper can be added, but pyrite has been used, 
leaving some sulphur in the roasted vroduct. In the latter case, this must 
be converted and in the presence of copper. ae 7 


In smolting lead ores, unless thore is enough lead bullion it is more 
aconomical to send it to an existing load-softening plant, which will do the 
~ork more satisfactorily than could a small auxiliary installation. 


The Wile furnace is wnable to smelt zine ores. Zinc-bearing concentrates 
ean be smelted after the sulphur hrs been roastod off. 
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Concontrates ALS net bricquetted before smelting, and they may be 
charged as lump, sint2r, or -fter being roasted. Tho action in the furnace 
is quiet anc there is no srent inss of dust. An exornsion chamber is pro- 
vided with the furnece for ertchinz dust and to orevent en uxnlnsion. 


Yoon learning that Wile furnaces hed been installed in Colerado, Cali- 
fornia, end North Carolina, the euthors vrote to the voreons wnaese noam3s | 
had bean givon us, but tne only ranly received com? from F. W. Royer, en- 
Zineer for tno Kelly Geld end Silver Minss, Rod Mountain, Crlif. He stxatad 
that the furmece ms rated at 1,000 prunds dreily cspncity and wes being us3ad 
oxocrimentally. Th. inventor claimed that it vould smolt 1 ton of 9 
emsume 200 to HCO iv.-hr. aud produce 2 temnersture of 3,500% Powr is 
available et Red Mountain at 0.5 cent mar kilowett-hour, and the electric 
furnace will be given a feir trial; also, if it is successful, soms owcrating 
details will be availndblic at a later date. 


Thr32 slectromstallurgists of the Unitad States Bureoru of Mines saw 
this furnace at ned Mourtwin et the tims the haat was turnea on for th 
first timo. Ths purnss. of this furnace is to smolt conner-silicatoa ore 
with silver ore. The furnacc ennsists of a chamber or hoarth 24 inches 
Wide and 27 inches hign surrounded by 2 inches of remued magnesite. At the 
bottom center is ea 43-inch grevhite slectrods, and at tron tno sides ars 
l-1/2-inch electrndas. Taor2 is a mtal tephole n.nr tho bottam ond a 
sleg taphole two-thirds tn: distenesa from tne botton The nrincipie of 
Meration is to cvep ths nonocr above the furnaces ea the furnaces chambor 
full at all times, tnoning slag and metal internittontly. The furnace 
onwer was three 5-ky7. transformers, which would apocar t be incapable of 
supdlying enough enersy tc reduce the charge. | 


It vas reported tiuet a Wilsa furnace is used in Dolor, Ontario,for 
nelting alloys, but none is used for snslting ore at tnis place. 


According to Wila, a 15-ton furnacs was installed end nas bean oneratad 
since Soptembeor 1934 at the Russell Gulch Mining Co. property, Central 
City, Cola. Wile omms 2 quarter interest in the equiom.unt. Although it 
vas reported by others to be idle during Decamber 1339, it has smolted 
concantratos containing about 4O percent iron, 50 percent sulphur, sone 
insoluble matter, a little conver, and.1-1/2 ounces oach of gold and silver. 
Some results but no details of manivulation of this furnace were given in 
an article by Dele F. Underrood, nor sup2rintendent for the United Gold 
Mines, Sunshine (via ‘Boulase):, Colo.,. in "The Mining Mountaineer, Mountain 
States Mineral Age", Denver, for March 1936, and vhat follows has been 
abstracted therefrom: 


No matter whers the mine is situated, the cost of handling 
a pyrite concentrate in this manner [shipping to smelter] is 
expensive and burdensome and, more fraouently than not, un- 
profitable. 
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The mine otmer thon asks hinself the. question "Why cannot 
I do as does the custom sm2lter? Smolt my cwn concentrates", 
and he begins to look around for a furnac3 which will do this 
vary thinge 


Undervood then ciscusses furnaces generally, inciuding ths econonics, 


and says: 


The electric snmilting furnace is limited to the slag 
resistance tyn3, on account or thn intonse hest gencrated by 
the arc tyno, which is us3d for steel mrnufacturc. With the 
slagz-resistance tyve, ths op.:rator anjoys a quict heat, with 
no blast, the slag desing in ea molten condition ben2zath tho ore 
charze; and the asconding heat, instead of boiing dissipated 
through a roof, is »tserbed in tne descending ore charge, 
with th3 bulk of ths hent supplied to the furnace utilized in 
the reduction of the ore. Ths charge condenses any of the 
valuss, Which may bo volatilized, thereby climineting oxpensive 
outside devices for catching thes2 values. Often, tho slag 
may be so constituted on account of the wida tennsrature 
possibilities, that a strong refining action may be had as the 
fins particles of matel filter through the decp slag resistance 
on their way to the bottom to be tapped when formed in sufficient 
anount. 


The following figures compare the returns and costs cf 24 tons of 


concentrates sent to a custom smslter end 24 tons smelted lncally in the 
Wile furnace. The concentrates assayed 2.07 ources.of gold, 2.40 ounces 
of silvor, and 1.85 p.re nt covvor. 


Compariso.: oF roturns from custen snd wloctric smeitsor 


Custom plant Electric furnace 


Charzos; 


Total veluc of concentrates @eeeseentoanteeovece $1,831 $1,831 
Raulees: PO TAL) atsaceenseeeSeanaeuas 20 | - 
Treathont: ard Prolene. 64.0600 awe%-see ee ue es 
Roasting @aeecrercsoeseorcceseeseeenceessecs ~ 32 


Powor at 1.4 cents var kilowatt-hour 
and 9-1/2 pounds cf glectrodes at 


Lj7H1/2 Contes DiP DAUM scxceccicceetc: _ 90 
TAO Deel eee ee teteee teehee we eed ws — of 
Interest snd anortizr tien: sseissce dees ~ ° 10 
Motel charges, including lossos ....s-ecess 41 e219 
Charges to gross valus, Durccnt esesseeeeas 25 | 12 
Total payment by custom plant -cccccccsecce 1,624 ~ 
Total recovery from electric furnaccd ...e66 - 1, /82 
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Underwood states tnat roasting is necessary for local smelting, the 
power charge has been reduced, and electric nower is delivered resardless 
of weather and traffic conditions. 


We have been informed that Electric Smelters, Inc., was trying to get 
permission to raise monsy to erect a 1-0-tcon nlant just outside Denver 
and proposed tn do custom smelting. As such operations havea not been 
carried on there for years, the nossibilities for electric smelting in 
this center would andnear to be rather »rodlematical. 


Othor Furnaces 


The Bureau of tiines asked the heads of well-known maxers of 21ectric 
furnaces that aro used extensively in mslting mstals and alloys what they 
know of the electric smelting of ores, and their replies contained the 
folloving informations 


1. There is nothing theoreticall: imcossible about smelting any of 
the metallic ores, though cxocrinents on lead sand zine ores so far have 
failed; at least, not one clectric furnace is at vork on a plant scale. 


Our firm built a $CQ-iw. clectric furnace for copper ore at a small 
mind in a difficult region in the West, but it was abandoned althougn a 
cmsideradle quantity of marxetnvls copoer was oroduced. This exmerisnce 
ras rather favorablo and shvzed that oxygen-free copper is possible from 
the olectric furnacs. 


2. The firm does not know of any smelting of copper, gold, silver, 
lead, or zine ores in electric furnaces at the present timee They would 
refer you to the papers of F. A. J. Fitzgarald, F. T. Snyder (in 1911), and 
others (before ard latcr) in tho Transactions of the Electrochemical Society. 
Theso writers describe furnaces that at the time were giving apparent 
satisfiction but which later wore discarded. 


3. Asfar as this firm mows, there is no reason cny 2 workable 
electric smelting rurnace in small sizes cannct be made. However, so far 
ve have not found a case “here its use vould be within the range of 
practical economics. There is ne2d for the dissemination »f fundamental 
information on smelting orocesses among the many smell organizations that 
are'interest3d in ths vroblen. 


Toeore is 2 lace of understanding of th2 difference betvwe2n the reduction 
of an ors eni cae melting of a metal, this being the cause of much stumbling 
along the metallurgical vath that untrained men seek to follov. Also, there 
appears to be a fixed belicf by many men that clectric current does some- 
thing in its passage through a material besides produce heat, and the 
amount of money that is being spent here and there by laymen because of 
that idea is surprising. It may be true, but if so it is beyond our know- 
ledge of molecular and atomic physics. 
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4. Our attitude with recard to the use of electric. furnaces for smeltinz 
ores is that each case usually involves special study and consideration 
and that, generally sveaking, there is no standard furnace available for 
such work. The proper furnace and its desig would have to be determined 
by a study of the ores to be treated, local conditions, economics, and other 
factors. We have not had any exnerisgnce in smelting ores, our equipment 
having been practicaliy limited to meltine metals and alloys. We have 
exverimental facilities and possibly could try smzlting ores, but each 
would require individuesl study. 


5. This firm of wice electric and manufacturing facilities does not 
build electric furnaces for smelting oras, but it does maxe accessories 
for furnacese It has no informetion on the electric reduction of ores. 


6. We freauently receive inquiries from individuals who are interested 
in smelting or melting onecrations end who feel that if a furnace is 
electric it is something to conjure with. As a rule, thuse inquiries are 
not on a sound basis and the efficacy of shaft—-type furnaces may be- 
quastioned. Electric smelting furnaces for ores have not been popular in 
the United States, and even in Euronos tnere are few that give good practi- 
cal results. We have had some experience vith a shaft—tyro furnace, but it 
did not giva satisfaction and was replaced by a standard, oven-ton, three- 
phas2, arc-resistance furnace for ths »roduction of ferrosilicon. Many 
difficulties are encountered in a shaft-tyne reduction unit and the most 
important itom is tho cost of enargy. t 4 | 


7- With cheap electric pow2r the furnace to be described might be 
used on ores, odut a well-known firm vith an interest in it questions that 
it has advantage ovsar the standard tynes in smelting. On December 22, 
13931, United States Patent 1,837,696 was issued to Sydney T. Wiles (not 
Wile) for the electrothsrmic reduction nf iron ores. On October 6, 1936, 
this was reissued as Reissue 20,128 tn Wiles (deceased) and assigned to 
the Buffalo Electric Furnace Corporation. Dravings show cross-section and 
other views of a rovolving electric furnace. The cylindrical shell is_ 
lined with firebrick, outside eof which is megnesite or other rsfractorye 
On both sides of the shell is a hopner, inte which is charged 50-mesh or 
finer iron ore, charcoal, and limestone. Th: hopper feeds a‘scremconveyor, 
which works within a short mstnl tude and forces the charge to the interior 
of the furnacs through hellew electrodes. Surrounding each electrode at 
its point of exit from the furnace is a conling device, which is also 
used to remove waste and possibly explosive gas3s from the furnece, 2 fan 
being part of the equipment. In operation, the furnace is brought to the 
required temperature and the powderad charge fed intn the furnace, which 
ig rotated. When enough material has besn fed, and all is molten, the 
tap~holes are opensd and the metal and slag run out. 
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CONCLUSIONS AND FeECOM ‘ENDATIONS 


Consideration of the foreecing discussions lend to the following con- 
clusions regarding the electric smelting of ores end coneentrates: 


1. Before a decisicn is made to use vlectric-furnaces for reduction, 
it would be advisable to ascertain conditions at the nearest suitable custom 
mills and smelters. ‘he suthors resrint the teble of custom slants (brought 
to date) fram a previous Bureau putlication, and have comniled a list of 
smelters from a reliable source. 


ee As more or less continuous (day and night) operation of any smelter 
is necessary for smooth end economical results, the mine orner should be 
certain that he has a large tonnsge.of ore daveloved before he attempts to 
install smelting equipment. We recently leerned of such an installation — 
a blast furnace hoated -:ith oil, which did not vorx. 


3- The smelting of an ore difi. v3 considernbly from the melting of a 
metal. The latter necds mrinly heat wheress the former requires heat and 
fluxes. In reducing a copver ore, the intermediat2 product is matte, which 
is then blown to blister metal and this finally has to be refined elec- 
trolytically; in reducing a laed ore, tho. intarmediate preduct is lead 
bullion which hes to be cupelied; the treatment of zine ore is difficult 
and involved; concentrates 


tO 


ears more. or.less.troudlesomee 

4, Although the authors have tried to obtain information on the current 
smelting of ores in electric furnaces, apart from what has been and is being 
done in Norway, Sweden, and Finland, we have been unable to procure any 
definite information regarding operation or resuits. in those countries 
fuel is scarce but electric »vowsr is cheap. 
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CUSTOM MILLS AND SNELTEKS 


Following are lists of reliable and suitably situated smeltersLL/ and 
custom millsl8/ for any tyoe of ore in North America, complete to the end 
of 1936: 


Snmelters in North American that receive custam ores 


Coprer:* 
American Metal Co. sacccccsnevccracosocesasvcsenscarteret, Ne de 
American Smelting & Refining Co. eesoceececccesecolbl Paso, Texe 
SGr sie orpcb ere. J) OL eles ecere wba Ree Ae Gre we eS -oee eee es eseceeGarfield, Utah 
Se MRS eas: DO He Sees OR eae alts Hee taawe tee aews eooyden, Arize 
stace wd wit: -DO\Gwrw cane sew ee Ge-4 eS Tew eeu ee ew SeSeSMOUrers Nw v6 
eecesseooe LO CCS Cee CNRS OS CON a OOO S es 8a eo Hep ee LACOMSA, Wasne 
Anaconda Copper Mining Coe eoecceccosvessesrscvecednaconda, Monte 


Cananea Consolidated Copner Coe eeserscsceees -eeCananea, Sonora, Mexico 

Copper Range CO- cecccerecceveccccccrecevescoveeenousnton, Mich. 

Hudson Bay Mining & Smelting Co. ........ oeceeeetlin Flon, Manitoba, 
Canada 


International Smelting & Refining Coe eeerveeeeoe Miami, Ariz. 

b Wipreie wwlee? 0 6 arere-0 S510 eis Sb vbw G08 Ge oSiee oe eeeoee-sees LOOCLE; Ulan. 

International Nickel Cow eccccesccscccercccerveeeCODDar Cliff and Conis- 
ton, Ontario, Canada. 

Magma Conper Coe seccesccccccoccccecccscecrcescogunerior, Arize 

Nevada Consolidated Copper Corporation ..-+.e.eeeMCGill, Nev. 

Nichols: Conner Cossiicase ese iesat stun cemeseebaurel Hill, bone Island, 

N. Ye 

Moranda Mines cocccecccccscccscccsscscveccesecseNoranda, Quebec, Canada. 

Phelps Dodge Corporation a a Clifton, and 
Clarkdale, Ariz. 

Quincy Smelting WOrkKs eecccecccccceccvecscecceseHancock, Miche 

Tennesses Conper CO. evercvccecccrsccrescseceeseecnpnerhill, Tanne 


* At Mambulao, Province of Camarines Norte, Luzon, Philipoine Islands, 
Marsnean & Co. is now oe ® custom blnast furnacsa for gold-silver 
cooper concentretes. atte is shi oped to Tacoma, Washington. 


17/ SECT Bureau of Metal Statistics, Year Book, 1936, 118 ppe: American 
‘Bureau of Metal Statistics, New York City, $2. 
13/ Gardner, E. D., Gold and Silver Custom Plants: Inf. Circ. 6842, Bureau 
of Mines, May 1935, 4 vp. 
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Lead: 


Zinc: 
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American Metal CoO. ceocccccccccce-scovececeeetonterrey, Neuvo Leon, 
| Mexico. 
American Smelting & Refining Co. ....+...--eDurango, Colo. 
sevccccccccceDOovcsercsccercecvccsccecevoesuast Helena, Monte 
Sales Sues See ee DO ee.m-e Sine wine SW Neeea-ewe eae welewe tL PASO, Lex. 
cea eRe ews OCR SSAA Weta Oh eee awaet Odsal MO. 
LiniWidie@ie ss sae DO sels Way sinwin ware sie ww ee edeaeimewueaay 11 Le, Colo. 
iid wtenaret eee dO aera: © e-blesece oO WS 10.8 Bide owes Go SoU LOV ;. Ube 
coovevesncioy, Calif. 
seeeetionterrey, Neuvo Leon, 
Mexico. 
American Zinc, Lead & Smelting Co. eececceeecranby, lio. 
Bunker Hill Smelter eeccocccvevessescecvsessnradley, Idaho. 
Consolidated Mininz & Smalting Co. .....-.-Trail, British Columbia, 
e Canadae 
Eagle-Picher Mining & Smelting To. «..--.eeGalena, Kan. 
International Smelt‘use & Ferining Coe »..-eToosle, Utahe 
Ste Joseph Lend Co. ecccennccsavccoseccvee soncrculaneum, MOs 
United Stotes Smeltinz, Refining & 
MANI NE CO 6b saeh ON esa RO Oee weet ee saws eel TeV le. Vues 


aisha: grieve 618 Relea) Ow erie ie en ee ee Bis oe 60 008 


Slate ie bala tate 6 wie le Oo ee 6 'areratetaa.0er 6 6-0 ee eee Rees 


American hietal. COs, sus ssw ase eeU eee ene ewuoNeelLOiny. Pas 

SONA SiS oS 6 wk DOS ease Kase sige eeeedecuomea sD LacmVCl ls “Okla. 

Amzrican Smelting & Refining Co. eeere.-e-eeROSita, Coahuila, Mexico. 

American: Zine (Chs..nf Tilinois «.0.06540e0e, best. Sts Louis, 111. 

Anaconda Conser Mining Coli/ ..ceseeeee-eseAnaconda, Mont. 

Athlet.c Mining & Smelting Cow eerceceoeeoeblackwall, Okla. 

Consolidated Mining & Smelting Co.L9/..s...Trail, British Columbia, 
Canadae 

Grasselli Chemical Cow ceccoccocceovee-eeeoticadowbrook, W. Va. 

Hegelar Zine CO. wecoccececcvcsessgscscvecsdanville, Ill. 

hudson Bay Mining & Smelting Co kal. ccceeeFlin Flon, Manitoba, Canada. 

Ci inoi Ss: Zine: COs 4464 wsitawsaccaesewseseelcruy file 

fatthiessen & Hegcler Zinc Cos eesecee-eeesbaSalls, ill. 

Mineral Point Zinc Cow eecsesccccceceeceveebcpue, Ill. 

Mational Zinc Cos eccescccccccccecccccscscebartlesville, Oxla. 


New Jersey Zinc Coe sqecceccccceccecscecvssraimcerton, Pas 
Sulliven lining co.29/ aig ig ents ud guitd Gmemeeeol Vor .IDey. 1. dans 


United Zine Smolt ing Corporat 10N ecccrcrvce eMoundsvills 9 W. Vae 


19 Electrciytic or wet processe 
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With regard to the mills and smelters listed, the authors learn on 
reliable authority and state without any prejudice that becauss there is 
only one smelter in the Leadville region, Colorado, a number of smell mining 
companies have become interested in finding a cneaper and better means of 
having their ores smelted; therefore, the experimental electric furnace near 
Central City has creatad somo interest in Colorado. But smelting is not the 
only method of treating ores, because oat Colorado Springs -is a 2,000-ton 
mill that can and does treat a varisty of precinus-metal and hase-metal 
bearing ores by flotation, oyanidation, or both processes... Freight rates 
are a factor, of course, but surely the smelter at Leadville or the mill at 
Colorado Springs maxes satisfactory payments on ores sent for treatment. 

If the mine owner or mill operator-wishes advrnes information on the 
charges impcesed at smelters, he should procure from Ynited States Bureau 
or Mines its recent renort by Gardner and Alisman.2£9/ This was written 
especially for -the operators of small gold and silver minese Gold and 
silver ores or concentrates are smalted at both copper and leac smeltors; 
one of these base metals is required to.collact tne precicus m-tels during 
the vrocess of smelting. The art of smelting, effects of irrourivias, 
summling and assaying, freight and-trucking.rates,.a.liss of cooncsr end 
lead smelters in the West, and the schedules that give tie vaynents, de- 
ductions and renalties, and treatment charges are all civen in cetril with 
examples of enlculations. -Evory mine one2rator-who is shivoinz cr contemplates 
shioping ores and concentretes t%-a-snelter skhould-have.a covy of that 
reporte = ’ ee ee 


. . SE ee 2  « . 
20/ Gardner; E. D., and ALismen. Paul %-., Oven Schedules for Gold and Silver 
’ - : f 
Ores and Concentrates at Western Custom Smelters: inf. Circ. 0920, 
Bureau of Mines, Deczsmb2r 1535, 2h pp. 
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